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CHAPTER VITT

THE- RADIOSONDE METHOD ; .
i No 1. THE BASIS FOR THE RADIOSOWDE METHOD

The radiosonde method has a series of advantages in compari-
son with other methods of investipating the upper atmosphere, Dif-
fering from the method of balloon scundings, according to which the

results of soundings may be obtained only after finding the instru-

ments, the results of measurements from radiosonces are known
(either heard or recorded) at the moment of the ascent of the in-

strument.

The independence, in obtaining data, from the return of the

instruments permits successful ascents of radiosonde apparatus in

polar regions, on the seas and oceans (from vessels or islands),
in desert areas and so forth, This insures the regular investi-
gation of the free atmosphere in these regions up to high alti-
tudes not accessible to other types of soundings. Besides, radio-

sondes can be used under all weather conditions.

In addition to the determination of pressure, temperature

and humicity, wind measurements can also be made during the ascent
of radiosondes: by means of theodolite observations when the
radiosonde itself is visible, or by radio directing-finding or ‘

radar equipment during periods of limited optical observations

(during fog or cloudiness or at night).

Finally, supplementary equipment permits the determinstion

of the height of the lower and upper limits of cloud layers, icing
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conditions, vertical movements and other factors,

In this manner, with the aid of' the radiosonde apparatus,
it is possible to make many kinds of the most important aero-
logical measurements which, together with other advantages, brought
about the rapid development of the radiosonde method within the last

years,

The radiosonde method consists of attaching an instrument
(the radiosonde) to a balloon filled with hydrogen and releasing
the balloon. Meteorological recording instruments in the sonde
control, by signals, a light short-wave btransmitter. Upon ascent,
the radiosonde automatically trensmits coded signals corresponding
to the readings of the recording instruments. By receiving these
signals on the ground and decoding them, the values of meteor-

ological elements at various altitudes are obtained.

In addition to attaching radiosonde apparatus to balloons
filled with hydrogen, radiosondes may also be attached to aircraft,

aerostats or other flying machines.

In contrast to the meteorograph the radiosonde, besides
having recording devices for meteorological elements, has a coding
device for trensforming the data into characteristic signals, as
well as a radio set., The latter includes a transmitter, usually
for shortwaves (KV) or ultrashortwaves (UKV), a broadcasting de-

vice and a power supplye.

The distance of operation of the radiosonde is about 150

to 200 kilometers, with 1.5 to 2 hours of continuous operation,
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i For the measurement of meteorological elements, the same re~
corders as in meteorographs are usually used in radiosondes, How=-
ever, in several arrangements of radiosondes, other methods of
measurement have recently been applied. Thus temperature is some-
times measured by means of a resistance thernometer, (thermistor)
and a thermocondenser, For the measurement of humidity, the prin-
ciple of variations of electrical resistance of some indicator
as a function of changes in relative humidity is also used, or the

psychrometric method is used,

Radiosonde signzls are received with standard or specialized
radio receivers. The simpleét method of reception is the usual one
-~ sound -- which doesn't require additional attachments for the
receiver. However, the automatic registration of signals has a

series of advantages over sound reception,

The advantages of automatic registration are in the im-
personality of the registraﬁion of the sgnals received, in a more
detailed picture of the structure of the atmosphere (registrations
in the form of a meteorogram) énd in the ease of processing. In
addition to fully automatic operation a combined metnod of re-
ception (semi-automatic registration) is also used; in this method
the signals are received by ear and are registered with the aid of

appropriate devices,

No 2. TYPES OF RADIOSONDE

Depending on several features, all of the existing types of
radio sounding apparatus may pe subdivided into groups. As a basis

of this classification, radiotechnological festures such as the
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wave band used, or the Uype of the emitted oscillations etec may be
adopted; nowever, the most important feature characterizing the
radiosonde as a mechanical and radio instrument is the principle

of the coding or ciphering of radio signals.

Coding of radio signals is done by the following methoas:
(1) number-impulse method; (2) time-impulse method; (3) frequency

method,

The number-impulse method is based on the position of the
measurement indicator for a particular meteorological element

being characterized by a definite number of radio impulses oi' the

ferent duration,

same or di

A chenge in the value of an element is reflected in a change

in number, duration and/or combination of signals. In is way

this method transmits the signals characterizing tne indicators

of the instrument by & code analogous to tue Morse alphabet: by

means of dots, dashes and combinations of dots and dashes.

fo record such rea in s, the radiosonde apparatus is pro-
vided with a comnutstor. With tnis commutator, cepending on the
position of tne measuring devices, the closing and opening of the
circuit of tne oscillator is effected, which resulis in the trans-
mission of signals of various types, with interruptions and pauses

between separate impulses. The commutator is actuvated either by

zht of the

an air vane revolving in the air flow during the f1

radiosonde or by a clock mechanism or by the apparatus itself,

The reception of the signals by the above mentioned method

is done by sound; however, it is fully possible to apply semi-

-l -
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automatic or automatic registrabion.

The muber-impulse method of coding is applied in radiosonde

apparatus of Soviet design: the comb radiosonde apparatus of P. A . !

Molchanov's system; the commutator radiosonde apparatus of the CGO,

the secbor radiosonde apparatus of the TsKB. i

The time-impulse method of coding is based on the position i

i* ! of measurement indicators being characterized by an interval. of

time between the initial (control) signal and tne working signal,

whose onset depends on the position of tne pauge. Tne variation
of meteorological eleients results in a variation in the interval
of time between the conuvrol and working signal. According to
Sig*na?s
this method,, are recorded by means of a coding device, by closing
i the circuit of the transmitter at moments corresponding to the
initial and working signal, or, vice-versa, by interruptions or

pauses in the operation of the transmitter.

: Temperature L

Centigrade degrees

L Humi.dity

Percent

Pressure

millimeters

Tigure 159. Arrangement of one of the coding device of a radiosonde

aoparatus using the time-impulse method of coding,
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The coding device applied in this method is constructed in

various ways., Thus, for example, Lgure 159) it can be a contact
indicator turned by mcans of a clock mechanism. The indicator comes
b in contact with Lhe permanent control contacts 1, 2 and 3, situaved
on bhe disk, as well as with the indicators of the recorders for

temperature t, presspure p and humidity I, each time either closing

(or opening) the circuit of the transmitter, The receiving of

si

‘nals is deone by asutomatic registration. This permits obtaining

time intervals according Lo some scale on a tape, from which the

.
values of meteorological elements are obtained, using data for

calibrating tne instrument. Irom Figure 160 it can ve seen that in

tne first cycle the measureuwent of intervals of time characterizing
the value of the meteorological elements is equal to tl, in the

second cycle, to tp, differing from tl, and so forth,

Figure 160. Arrangement for recording signals of a radiosonde

apparatus using the time-impulse method of coding, a -- initial

i ‘ signd; b -- working signsl,

The frequency method of coding is based on the fact that

changes of meteorological elements, directly through the re-
corders or with the aid of mechanical transmission, produce a

change in one of the Darameters of the oscillating circuit:
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capacity, indﬁcuance or resistance (for relaxed oscillations). AS
a result of these variations, either the carrier frequency of os-
cillations emitted or the modulation frequency, which characterize
the given element, change. In tils manner, the principal role in

the coding mechanism i8 played by the recorders themselves.

The simplest and most convenient manner of effecting the
variations of frequency is & chanze in capacity of the condenser
in the circeuit of the oscillator, It may be done by changing the
distance between the plates of the condenser, changing the size
of the active surface of the plates or by changing the specific
inductive capacity of the condenser dielectric. The most widely
applied method is the one where the capacity is determined by the
movement of one of the plates of 'the condenser connected to the

recorders

A change in the inductance of the coil may be effected by
varying its magnetic flux with the aid of displacing the core which
is controlled by the recorder of meteorological elements, Ac-
cording to another method the variations in inductance are de-
termined by vhe change of position of the measuring device of the
meteorologicsl elements, related to the inclusion of a greater or

lesser number of turns of tne coil in the oscillating circuit.

Changes in resistance may be effected by the recorder it-
self representing some resistance varying under the effects of
changes of the meteorological element (thermistor, hygroscopic

film),

The receiving of signals from the radiosonde apparatus,

My
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based upon the frequency principle of coding, is according to the
method of semi-automatic and automatic registration. 1In the first
instance, the observer tunes the receiver to the wavelength of the
signals from the radiosonde apparatus, The tuning knob is conw-
nected to the carriage which moves along the length of the drum

as its generatrix. The drum revolves by a clock mechanism, The
turning of the tuning knob results in a change in the carriage,
and in the moment of tuning on tie wavelength of the radiosonde
apparatus, with tne aid of the needle -en—bhe-neewute-on the
carriape, the observer marks a point on the vepe of Uhe drum, the
position of which will correspond to the frequency of the oscil-

lations emitted by the transmititer, and, therefore, to the indi-
)
) recapday o
cator of the reeeiver of the meteorological element,
In automatic registration, tne records of relative changes
of meteorological elzments are shown on the tape in the form of

successive marks as a function of time or pressure without the

perticipation of an operator,

In radiosonde apparatus operabting by frequency varistions
Pl 1S X ) )

the basis oi the codi

device is a low freguency generzbtor con-
Fecorders
nected to the xreseiwers, In the lattcr case, a comparison of the

tone heard witn the tone of a calibrated sound frequency generator
permits the determination of the value of the meteorological ele-
ment either directly on the scale or with the aid of calibrated

CUurves,

It is not possible to strictly and fully meke a classi-

fication of contemporary radiosonde apparatus according to coding
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méthod because in some systems not one but‘two methods are applied,
This is partly due lo the fact that the necessary frequency of
measuring meteorological elements is not equal, Particularly, in
tne transmission of pressure values, continuivy of the signals is
not essentialy it is enough to make measurements by steps with vhe
aid of any kind of contact system., kxactly in the same way, in
some sysvems of radio soundings, measurements of humidity are made
less often tnan measuremenis of temperature, The latter is the
main element, and therefore temperature signals arrive more fre-

quently,

When measurements of an element are made continuously,

their frequency must be determined by the cemands for a sufficient

fication

amount of information needed for the construction of stra

curves of the atmosphere up to limiting altitudes. Taking the

mean vertical velocity of the radio sounding apparatus at about 300

meters per minute, it is hardly possible to allow measurements of
temperature less frequently than every 15 seconds ana measurement
of humidity every 30 seconds. Measurements of pressure allow the

construction of a curve with sufficient accuracy, if the sepsrate

readings occur every 50 to 100 millibars,

Let us now go over to the description of design of radio-

sonde apparatus produced and used in the USSR, as well as some

foreign designs.,
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. No 3. THE COMB RADTOSONDE APPARATUS OF

i : g P, A, MOLCHANOV'S SYSTEM

. i : The comb radiosonde apparatus, belonging to instruments of'
the number-impulse method of coding, is used in the hydrometeor=

clogical service of the USSR. The arrangement of the radiosonde

apparatus is shown in Figuves 161 and 162.

The manomehtric tube B serves as the recorder of pressure

-- the C-shaped bimetallir plate T, as the temperature recorder
and the strand of hair ¥, as the humidity recorder. With the aid
of a lever uvransmission, each of the recorders is connected with
pointer-indicators 11, 51 and Fq. Upon the variation of the
meteorological element, the corresponding indicator slides along

the contacting device -- the vriggers Gy Gb and G, i

The main irregulsrly shaped commutator K and the supple-

mentary commutator Ke, brought into revolution by the propeller
during flight of the radiosonde, Serve as the key or the coding
device. They introduce the indicators into the circuit of the

transmitter. The positions of the indicators are transmitoed by

radio signals in the form of dots, dashes and their combinations.

Let us inspect more closely tne work of the instrument.

Under the influence of variations in temperature, the shape

of the bimetallic plate changes, this is transfered to indicator Ty,
which slides along the comb Gi. The comd consists of five toothed
plates 1, 2, 3, L and k (Figure 163), attached to each other. The
‘ plates are insulated one from another and from the frame by

celluloid lining. The teeth of each plate are located on part of

- 10 -
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the circumference and have one and the same angular size with re=-
spect to the axis of revolution of the temperature indicater. The
distance between teeth on each of the plates 1, 2, 3 and L is equal
to three times the angular size of the tooth., The teeth on the
assembled comn are so placed that after the tooth of the first plate
tnere follows a tooth of' the second, the third and, finally, the
fourth plate, and thereafter again a tooth of the first and so

forth,

In this manner tne comb appcars made up of 19 groups or

sections having L teetn in each,

Figure 161, Uiagram of the comb radiosonde apparatus of Molchanov's

system (from the temperature comb side).,
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Figure 162, Diagram of the comb radio sounding apparatus of Mol-

chanov's system (from the pressure comb side). ’ L

Each of the toothed plates 1, 2, 3 and L of the temperature
comb is connected with resilient commutator segments My s My My and

my, (Figure 161) by insulated wire., Opposite each commutator segment,

on the shaft of the commutator, shaped contacts (star wheels) nj,

np, ny and o), (Figure 16l)are placed.

number number of section

i ¥ of

teeth

Figure 163, Diagram of the temperature comb,

The number of points of the star wheels is equal to the

number oif opposite-located commutator segments, i.e., opposite

commutator segment mj, connected to toothed plate 1, the star

wheel with one point (nl) is located; opposite commutator segment
connected to toothed plate 2 -- the star wheel with two points and
so forth, The star wheels are so located on the shaft that the

teeth thalt are last according to movement lie along one line, At

Ligonl

! W R ek 4
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the ascent of the inatrument, the propeller brings into revolution

the shaft of Lhe commutator X, whereupon one complete revolution of

the commutator shaft corresponds to four revolubions of the pro-

peller shaft, In o full revolution of the shaft of Lhe commutator, b

the commutator segment connected with Loothed plate L makes one con-

tacl with s wheel n1, the commulator segment connected with plate

2, -- two contacts, and so forth,

The insbrument, in series with the transmithep}is included

vf‘  in an anode circuit, The current in the circuit flows as follows:
Lhe positive terminal of the battery -- transmitter -- the frame

of the instrument -- the bimetallic plate -- indicator -- tempera-
gure comb -- commulator segments m —- star wheels n -- axle of the

main commutator -- negastvive terminal of the battery.

With eacn revolution of the comnutator, there is a closing

of the circuil through Lhe star wheels, and short signals in the

form of doils are sent out. The number of short signals will de-
pend on which Looth of the comb the temperature indicator is
located, Thus, [or example, if the indicator is located on a tooth
of tne fourtn plate, then the closing of the circuit in a full
revolution of the commutator will occur four times, because it

g wi.ll be determined by the four contacts of star-wheel n), with

o the commutator segment m), and the transmission of the signal will

; be in the form of four dots with a pavse (.vese eess  suve)s lhere-
fore, the position of the indicator on the comb is determined by

the number of short dot signals received,

- 13 -
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Figure 16L, Shaft of the commutator with shaped contacts. BB

Upon a lowering of the temperature and t{ransfer of the in-

I dicator downward to the tooth of the first plate, we shall receive
signals in the form of one dot with pauses (o o o). A rise in

”;‘  temperature will result in a reverse succession in changes of sig-

nals, i.e., after signals in the form of four dots, we will re-

ceive signals in the form of three dobs, two dous and so forth,

because the indicator will be displaced upward to the tooth of

b the third plate, the second and so forth,
i 3

Knowing tne position of thé temperature indicator prior to
release of the radio sounding apparatus and the corresponding value
of the temperature, determined by @ thermometer, as well as the
sensitivity of the temperature recorder (the change in tempera-

ture represented by the movement of the indicator through one

tooth), it is possible Lo determine the value of the temperature

for each moment of change in signals.

When signals, after an interruption in reception, again are

j.“ heard, they permit the possibility of determining only the number

I of the plate on the tooth of which the indicator is located. The

-1 -
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section where the indicatér is located remains unknown, In order to
be able to determine the location of the indicator according to the
section number, there is a fifth toothed plate k -~ the control
plate. Its teeth are so distributed that they substitute for the
removed teeth of the temperature platcs in the order shown on

Figure 163 and in Table 1,

15 -
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i The control plate is connected by wire with commutator seg-

mentvmk,.opposite which star-uhbeel ny with seven contacts (Figure
16L) is located, During a revoluticn of the commutator, it makes
seven contacts, which results in seven short signals with a pause
(voeoees veieese)s When after an interruption in the receiving
of signals, for example, there successively appear (.. ve o)
and then (eceveee veeeses) and later (oo eees)y Lhen the
indicator is loceted in the seventh or sixteenth sections, because
in those czses the third tooth is replaced by the control contact.
To determine in exactly which section, the seventh or the sixteenth,
the indicator is located is not difficult, inasmuch as the approxi-

mate ve

tical velocity of tue radiosonde apparatus and the mean

change in temperature are known,

Tn a change in pressure, the movement of the free end of
the manometric tube is transferred to the pressure indicator By,
which slides along the pressure comb Gy (Figure 1é2) so that a

diminishing in pressure is ccrresponded by a movement of the indi=-

cator downward, The metallic tecth of the pressure comb are
i interspaced with celluloid between them, so that the end plane of
the teeth and of the celluloid are in one plane, Lvery third tooth
is wider than the other two. The pressure comb (y, is connected by
an insulated conductor with commubator segment my, the star-wheel

ny gives a lengthened signal. Star-wheel ny is located on the

shaft of the commutator in such a way that the start of its con~-
tact lies in line with the ends of the contacts of the temperatvre

ster-wheels,

Since the temperature and pressure combs are included in the
anode circuit in parallel, the signals through the shaped temperature

and pressure contacts will follow independently from one another upon

- 16 -
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the closing of the circuits, i

When the indicator finds itself on the metallic tooth of the
pressure comb the last temperature signal is lengthened, 1. €., in
place of a dot we will have a dash, TFor example, the signal (oo .

) means that the temperature indicator is found on the third

oe

plate and the pressure indicator, on some metallic tooth of the

pressure como, Upon tne transfer of the pressure indicator to a

celluloid strip, the temperature signal is again short,

Knowing the position of the pressure indicator before the

ascent of the radic sounding apparatus and the corresponding pres-
) . recorder
sure value, as well as the sensitivity of the pressure reeeiver

(the change in pressure upon the movement of the indicator through 1

millimeter, it is possible to determine the pressure for thos moments
when signals are received with the indicator at the start of the

tooth, at its cenber or at its end.

Figure 165, Diagram of the humidity switch,

-17 -
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Two narrow teeth and one broad one serve as a control of
tne position of the pressure indicator, because the gaps in tine
in the audibility of pressure signals according to their size,
will follow one another in the same relation. Besides, the
change in the number of call signals for hunidity from two to
three (see below) serves to determine the position of the pres-

sure indicator on the centrol tooth of the pressure comb,

In a change in humidity, a change in the length of the
strand of hair is transferred to the humidity indicator Fy, which
slides along comb Gp, (Figure 162), so that an increase in relative | ‘i
humidity corresponds to a movement of the indicator downward. Comb i ,;.V
Gf has 10 teeth, insulated from one another and from the frame of
the instrument., Each tooth of the comb is connected by an in-
sulated conductor with a corresponding contact situated on the

humidity switch Pp (Figure 161). Besides these contects, there

are three other separately situated contacts: By, P; and Po
(Figure 165). UThe tirst of these serves to control the position
of the humidity indicator, the other two serve for the trans-
mission of preliminary call signals for humicity -- these are

connected to the frame of the instrument,

The reception of humidity signals is accomplished with the
aid of a supplementary humidity commutator Ke (Figure 162), the
shaft of which, with the aid of a worm gear, rotates so that with

every 20 revolutions of the main commutator, the humidity

commutator mskes one full revolution,

A sliding contact R, clesing the anode circuit of the trans-
mitter, is situated on the shaft of the humidity commutator. The

sliding contact, upon rotation, moves in a clock-wise direction, as
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is shown on Figure 165, rirst on contact By, Py and P2 and then on
contacts 1, 2, 3, |, 5,..10 S50 that with a ru13 revolution of
commutator K, the sliding contact moves over one contact,

Tne movement of the sliding contact over contacts Pl and P?

gives two long humidity call signals in the form of dashes (or three
long signals when the humidi ty indicator is Llocated on the control
tooth of the humidity comb), During thisg time, temperature signals

are not heard,

After the call signals, temperature signals are again broad-
cast until the sliding dontact touches the contact connected to that
tooth of the humidity comp on which the huni di ty indicator is 1o-

cated, At thig moment again one long signal will be heard,

Inasmuch as between call contacts P; and Pp, on the one
hand, and contact 1 on the other, there is an interval equal to
one contact, temperature signels answering to the nunber of the
tooth of the humidity comb will be hesrq between the call signal,
and the humidity'signal determining the number or the tooth or the

comb, For éxample, the signal (

— )

Signifies that the humidity indicator ig located on the fourth

tooth of the humidity comb,

In this manner, the number of temperature Signals counted in

the interval between the two call Signals and the humidity‘signal de=-

termines the position of the humidity indicator,

Figure 166, 4 general view of the comb radiosonde apparatus,

-19 -
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Knowing the position cof the humidity indicator st the mo=
ment of ascent of tvhe radiosonde apparatus and its corresponding
value in relative humidity, as well as the sensitivity of the in-
strument to humidity, it is possible to determine the value of

hunidity according to the signals received,

IMgure 166 schemetically shows bhe general view of the in-
strument, On 2 metallic body and rigid frame, recorders of the
following are mounted: pressure (1), vemperature (2) and hu-
midity (3), whose indicators slide along the pressure (L), tem-
perature (5) and humicdity (6) combs. The propeller (7) brings
the main commutator (8) and the humidity commutator into rota-
tion; the sliding contact of the latter slides over the humidity
disk (9). On the wall of the body a redio transmitter (10) is
mounted, The instrument is placed in a cardboard casing having
a ventiletion shaft on one side. In this shaft, the recorders of
tempersture, pressure and humidity are located, whereupon, for
better insulation, the shaft has s double wall with an inter-
vening air space, On top of the casing the power supply batteries
(11) are located, TFour cords with a ring are attached to the
upper portion of the casing in order to suspend the instrument

from a balloon,

Figure 167. Diagram of the Figure 168, Assembly diagram of

radic transmitter, the radio transmitter.

- 20 -
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fhe padio transmitter is a self~controlled Gartley (Hartley)
assembled around a UB-107 or UB-152 (Figure 167) tube. The trans-
mitter is mounted on a tube panel (Figure 168). One end of the
self~-induction coil L is comnected with the socket of the screen
S and the movable plate of the variable condenser Cp , the other
end with the stationary plate of the same condenser Cy and with
the plate of the fixed condenser Cos Onme end of the choke coil
Ly is left free for contact with the positive terminal of the
anode battery, Lhe other end is connected to the anode socket of
tube A and with the second plate of the fixed condenser 02. A
conductor d is conmected to the negative terminal of the filament

battery.

Two conductors are connected to the socket of +H: one of
them ends as a contact b to connect with one of the bare coils of
the self-induction coil, and‘the other lead g ends as & fork for
connection to the frame of the instrument. In order to cormect
the self-induction coil with the antemna there is a lead from con-

tact a.

As a power supply, batteries of the Leklanshe type elements
are used: two anode batteries of L5 volts of four of 22.5 volts,
connected in series and a 6 volt filament battery. The life of the

batteries is calculated for about 2 hours of centinuous operation.

The transmitter of the radio sounding apparatus operates in
the 19-3L meter band., The antenna, 7 meters long, is attached to
the balloon filled with hydrogen., A counterbalance is attached to

the frame of the instrument with the aid of a piece of wire,
The flying weight of the instrument with complete equipment

is about 1,000 grams.
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No L. THE COMB RADIOSONDE APPARATUS Pz-0L9

The radio sounding apparatus P7-0L9 works on the same princi=-
ples as the apparatbus described above, Its main difference is in
the different construction of the pressure unit. As a pressure
recorder, two bi-metallic anercid boxes, kinematically attached
to thne thermocompensator (Figure 169), are used, Therefore, the
need to introduce corrections to the pressure readings of the

pressure recorder influencing the temperature is eliminated,

Figure 169. A general view of the radiosonde apparatus PZ-CL9.,

The sction of the compensator is based on the fact that
the movement of the membrene system of the pressure capsules is
transferred to a special elbow through a bimetallic plate, which,
as is evident from Figure 169, is attached to the pressure re-
corder., During a change in temperature of the pressure capsule
and the bimetallic plate, the transfer relation changes in the
kinematic chain from the pressure capsule to the indicator,
which slides along the pressure comb. Thus; for example, with
a lowering of temperature of the pressure capsule its sensitivity
is lowered, but thanks to the curve of the bimetallic plate, the
point of its contact with the elbow, and the transfer relation
in the kinematic scheme is increased, so that it increases so uni-
formly that the sensitivity of the pressure uni.t ag a whole is
maintained constent and independent from the temperature. The

elbow of the thermo-compensator is always held to the bimetallic
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plate by a special spring which is attached to the axis of the in-

dicator of the pressure recorder.

So that the pressure indicator will not slide along the con~

tact comb under a constant pressure but due to changing temperatures

the bimetallic plate and the elbow are coupled together at a

definite angle.  If, say, a lowering of temperature is observed,

then the curvature of the membrane of the pressure capsules is

decreased, and the bimetallic plate is moved together with the
membrane of the capsule in a direction toward the indicator and at 5
the same time toward the axis of rotation of the elbow of the
thermocompensator, However, in this case the point of contact be-
tween the plate and the elbow slides along the rib of the elbow

without turning it,

The next different characteristic of the radiosonde ap-

paratus PZ-0L9 is the presence on the pressure indicator, in

i addition to a screw for the regulation of the pressure of the in-
dicator on the contacts of the comb, of a special device for the
setting of the initial position of the indicator. This makes it
necessary to introduce corrections when going from the ordinate
according to the instrument to tne ordinate according to cali-

bration (see No 12).

Because the pressure recorder is provided with a thermo-

compensator, it is taken out of the housing of the instrument,

i so that the ventilation of the temperature receiver and the

recorder

humidity reeeiver is improved during the flight of the radio

. - = sounding apparatus, P

] i der
For better shielding of the temperature reeeiver from the

v . - Fodia i b R e i b oa i e ey
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influence of radiation the housing is equipped with a special sup-

plementary metallic shield.

Tn addition, the bad effects of play in all linkages of the
instrument are eliminated by gpecial spiral springs on the shafts
of the indicators, and in order fto diminish friction in their

couplings, indicator shaf'ts rotate on conical bearings.

No 5. COMAULATOR RADIOSONDE APPARATUS

OF THE GGO SYSTEM

This instrument also belongs to the type of radiosonde ap-
paratus using the number-impulse coding method. However, its
coding device differs from the coding device of the radiosonde
apparatus of the comb system, though the code of the signals is

preserved,

Three rigid disks T, F P (Figure 170) with elastic com-
mutator segments and two shafts CD and AB, rotated by a wind vane,
is the coding device of the radio sounding apparatus of the GGO
system. The rotation of shaft CD is transferred to axle AB by
means of a tooth gear so that when the first makes 16 revolu-

tions the second mekes one revolulion.

On shaft AB, opposite disk T, at an equal distance one from
another, shaped contacts (star-wheels) a, b, c and d are located,
These serve for the coding of temperature values., Opposite disk
F, staer-wheels a', b', c¢' and d' are located. These are for the
coding of humidity values. And opposite disk P, there is one
star-wheel 1, for the coding of pressure, The distance between

temperature star-wheels, as well as hurdity star-wheels, is equal
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to the width of the commutator segments, i.e., 1.5 millimeters.
Star-wheels a, b, ¢, d have narrow contact points numbering from
one to four, while star-wheels a', b', ¢! ana d' give a combination
of narrow and broad contacts: star-wheel d' has one broad con-
tact, c!, one brosd and one narrow contact, b', one broad and two
narrow, and, finally, ster-wheel a', one broad and two narrow and
one even broader contact, Star-wheel 1 has two contacts of which

the second is by 1 millimeter shorter than the lirst.

Figure 170, Diagram of the commutator radiosonde apparatus of the

GGO system,

The temperature recorder is a bimetallic spiral T'. During
a cnange in the temperature, tne bimetallic spirsl brings into ro=-
tation the axle with the disk T attached thereupon. The commutator
segments of disk T lie in its plane, and, during a change in tem-
perature, thanks to the rotation of the shaft with the star-wheels,
they will touch the latter. In this, contact of the commutator
segments with the star-wheels during a lowering of temperature is
made in the following order: first with star-wheel d, then with
star-wheels ¢, b and a, i.e., signals in the form of one dot, two
dots, three and finally four dots are received. Further, in the
same order, contact with star-wheels of the next and following

commutator segments is made.

In a reverse movement of the temperature, the succession of
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signals is inverted, because the disk in this case rotates in an
Qpposite direction. Lhe temperature signals are brought into sec-
“tions of L signals in each., In accordance with the nmumber of com-
‘ mutator segments, the whole temperature range change is covered by

2l; sections.

For the determination of the numerical order of the section
a system of ten control signals is introduced. The ten ccntacts of
star-wheel N, lying in a plane parallel to disk T, serves this pur-
pose. These points make contact with lever f, touching the con-
trol star-wheel e with seven contact points, Therefore, when one
of the points of the control star-wheel approaches lever f, we
will hear seven short signals in the form of dots., The succession
of .control signals remain the same as in the comb radio sounding

apparatus of Molchzanov's system.

he humidity recorder, in the form of a taut strand of hair

R, rotates the humidity d:

¢ F having L laminas by means of an
elastic shaft, Lhe laminas of the humidity disk make contact
with star wheels a', b', ct and d', so that the location of the
hunidity star-wheels on the shaft AB determines the transmission
of humidity signals in the interval between the separate series
of temperature and pressure signals. In accordance with the
structure of the star-wheels, the humidity signals always begin

~-with a long dash, No control signals for humidity are provided.

A system of two springless aneroid boxes B' serves as the
pressure recorder, wnich in a change of pressure brings disk P
into rotation by means of a lever and a gear transmission P!,

That lamina of the disk P determines the lengthening of the last
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temperature signal which comes into contact with the longer point
of star-wheel 1, as is the case in the comb system, The eleventh,
rifteenth and nineteenth laminas of disk P are longer than all of
the rest by 1 millimeter. Therefore, only these laminas will make

contact with Lne shorter point of star-wheel 1 giving the control

oressure signal, covering all humidity signals.

The tra-smitter of the radiosonde apparatus is designed

along a modified three-point system and mounted together w
radiator and the power supply in the form of a separate radio chassis,
whzn placing the radio chassis into the radiosonde apparatus, there

is an aubomatic insertion of tne instrument into the circuit of the
transmicter without additional connections. A switch convact is

provided for the power supply.

One lead-zinc element, or an acid oattery, included in a
primary coil of a vibrator transformer G, is used as the power
supply. The current to the tube filament comes directly from the
power supply. Feeding of the anode is done i'rom the secondary coil
of the vibrator transformer, giving an alternating current of 150~
200 volts, In this manner, transmission is effected by tone
modulated signals which increases the reliability of sisnal re-

ception. The reception of signals is by sound,

The above described system has a series of advante

other systems of the number-impulse method of coding, particularly
in comparison with the comb system, A sufficient rigidity in
construction ensure the non-variation of calibration data., The
lack of an assembly system of conductors resulis in simplicity

of construction and rapidity in preparing the instrument for

operation, Unlike the comb radiosonde apparatus, where the
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indicators of the resekvers move along tne comb with Iriction,

in this system the contact of the lamina of the disk with the
star-wheels of the commbator is made in a direction perpendi-
cular to the rotation of the disks and not parallel. inally,
with this instrunent measurenents are Lransuivted with greater
frequency (every 5-10 seconds) than with the radiosonde ap-

paratus of the comb system,

As Lo disadvantages of tne radio section, tne not fully
reliable operation of the vibrator transformer (as a result of

tne clogyging and purning of its Jorking contac ts), the non-

uniformity of f{requency of bhe sound oscillations and presence

of a wide frecuency band during transmission resulbing in broad

tuning of bthe receiver, should be mentioned.

The flying weight of the instrument is about 600 grams,

which is much less than mamny obther existing designs.

Wigure 171, Diagram of connections of the recorders with disks

the condensers in the "Jolna" radiosonde.

No 6, MVOLNAY (WAVE) RADIOSONDE APPARATUS

of

The "Volna" radiosonde apparatus belongs to the group with

frequency method of coding. The variable parameter of the oscil-

lating circuit in this system is the capacity load, the variation

of which is directed by the meteorological recorder according to

the active surface of the condenser plates. The temperature recorder
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bimetallic plate 7 (Figure 171), is connected through its free end,
with wne aid of P-shaped lead and a gear rod, to the variable

condenser disk Cre A driving

pear 1s fastened vo Lhe shaft of the
0 disk, end the end of the gear rod is connected Lo the driving geare
The disk of Lne condenser has an opening in the shape of a sector
with an angle of 135 degreese On ius edge 1t nas a scale for the
neasurement, with tne aid of an index, of the angle of rotation of

the disk. Uuring a drop in temperature, Lne movement of the free

end of the bimet lic plate, through the gear rod and driving gear,
results in a rovation of tae disk in a direction of increase in

ohe divisions of the scale, counter-clockwise. With an increase

in tewmperature the disk rotates in the opposite directione.

A strand of hair F servés as bhe humidity recorder, one end L
of which is Tastened, and the second, wound sround the shaft of
tae condenser, goes througn an oﬁening in it and is connected to a
spring. At a change of the humidity, the lengthening or shortening
of the strand of nair results in a rotation of tne disk of the

variable condenser Cge

With the aid of a mechanism similar to the one described
for the recorder of temperature, a system of two ansroid boxes B,
due to their deformation with a change of pressure, results in the
rotation of the variable condenser Cy. (he disks of the variable

condensers have contact with the frame and are connected To the

end of the anode coil of the transmitier.

Besides the mentioned disks of the variable condensers,

there are wwo fixed capacity disks, one of which CM determines

the maximum capacitive load in accordance with that given by the

variable condensers, tne other Cmvdetermincs the minimum. - Bach
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of these disks also has an opening in the form of a sector having
an angular size of 135 degrees, The disk of the maximum load is
determined by the position of the solid portion within the

mechanism, and the minimum load disk ~-- with tne opening within

the mecnanism,

For the switching into the transmitter of the variable

load disks, whose position depends on the state of the meteoro-

logical elements, as well as the maximum and minimum load disks,

tnere is a central load switch P, It consists of two condenser ﬁj
plates in the form of a sector and a mechanism operated by

successive switching into the chain of the osciliating circuit
of disks of variable and fixed capacitive loads., The condenser
plates of the central switch cover the disks from bouh sides so

that

w

uccessively, only one disk can be covered exactly. . Then

the capacitive load of the oscillating circuit will be determined

v the area of the disk between the two other plates of the con-

denser.

The mechanism of the central switch is brought into opera-
tion by the propeller with a vertical axis of rotation. As a re-
sult of the action of the air flow during the ascent of the radio-
sonde apparatus, the propeller rotates and with the aid of a wWorm
gear forces the central switch to rotate, A special device in the
form of a reductor with a five-pointed Maltese cross then de-
termines a successive movement of the central sector plate in such
a way that each position is maintained for a period of several

seconds. The central sector is insulated from the frame of the

instrument and is connected to the start of the anode coil, In

this manner the successive contvactless inclusion of all capacitive
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loads in tne transmitter is provided for,

The distribution of recorders and condenser plates in the
instrument is such thal Lhe capacitive load switch successively
includes the disk plale of the condenser connected to the tem-
perature receiver, then tne minimum load disk, the humidity disk,
pressure and finally the maximum load disk, In this manncr, the
frequency of the emitted oscillations will successively depend
on the value of vhe temperature, humidity and pressure of the air.
Tous the frequency values (or the wavelengths), characterizing the : !
value of the measured meteorological element, are taken within the
relatively extreme values of the radiosonde apparatus corresponding !

to tie maximun and minimum capacitive loads. By this the influ-

ence of normal factors on frequency changes are taken into ac-

count, L

Furthermore, the measurement of meteorological elements is
made cyclically, so thet the cycle of switching is completed in
15-20 seconds, and each of the disks connecied to a recorder, as
well as the disks of constant capacitive loads, are switched in
for a period of 3-L seconds, which is fully sufficient for fine

tuning when receiving signals,

Figure 172. Basic scheme of the radio transmitter and the system of

inclusion of capacitive loads, C -- trimmer; C1 -- antenna connection

)
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condenser; L -- anode circuit coil; Lo -- reverse contact coil; ‘ ]
1 = maximum capacivive load condenser; 2 -- lemperature condensers
g 3 -= minimum copacitive load condenser; U -~ humidity condenser;

-~ pressure condenser, |

Ut

figure 172 shows the basic scheme of the radio transmitters

The radio transmitter is built around a miniature UB-2L0
tube using series feed with inductive coupling of the screen,
Parallel to the capacitive load of the condenser of tne oscil~

lating circuit C, the capacitive loads of the receivers 2, l,

5 and the constant loads 1, 3 are included, The working fre-
quency band of vhe transmitter, corresponding to the maximum and
minimum capacitive loads, ranges from 23.5 to 25,3 megacycles.
Yhe transmitter is powered by wet cell batteries with lead=-zinc

Loi A elements of 2.2 and 80 volts. ''ne mounting of the transmitter

is done with due regard for the greatest operating stability and
ease of preparation of the radio set for ascent witn the radio-

sonde.

Pigure 173 shows the exterior view of the instrument. 1In its
front part, the recorders, the disk condensers, the capacitive
load switch and the switching mechanism are situated; in the

upper part, the transmitter, and in the lower, the battery power

supply. The instrument is placed in a casing with a metallic
cover., The recorders of temperature 1 and pressure 2 are
_ .. = 77 shielded from the effects of radiation by metallic housings,

The humidity recorder 3 is situated inside a trough-shaped

cantiléver bracket with openings which is a shield for the
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recorder, The cover of the instrument serves as & shield from
atmospheric effects for the mechanism of the radiosonde apparatus.
Opposite the disk indexes are celluloid windows wnich permit the
neasurement of disk positions without removing the cover. Through
the bottom of the instrument, emerging downward, is the end of the

shat't on which the propeller is mounteda

The radiosonde apparatus is attached to balloon of type No
100, filled with hydrogen up 4o a free lifvuing force of 1,200

kilograms.

For a smoobth descent of tne instrument after bursting of
Lhe balloon a paracnute situated between the balloon and the in-

strument is provided,

The setting of the instrument consists in the determination
of the position of the disks and, therefore, the frequency of

transmission of the various values of meteorological elementsS,

Figure 173. A general view of the "Volnal radio sounding apparatus.

In order to receive signals from the "Yolna!! radiosonde ap-
" ‘paratus, registration of two types may be employed: (1) semi-

automatic and (2) automatic.

The semi-zutomatic registration consists of the radio re-
ceiver and a registering device. The receiver is built on the
superheterodyne principle with a tuning device concentrated in one

dial. In order to raise the tuning accuracy, a2 hand wheel of
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comparatively large dimension is attached to the tuning condenser

shaft,

The hand wheel of the receiver, with the aid of a stringed
connection, is tied in with a carriage moving synchronously with
the tuning of tne receiver along the surface of a drum (along its
generatriz), The drum is rotated by a clock mechenism., A tape is

fastened to it, on which the recording of signals is effected.

In this manner, upon the rotation of the tuning hand wheel
of the receiver, the carriage will move so that a definite position
of the hand wheel resulis in a definite position of the carriage,
i.e. the orainate of the registration. ‘lhe carriage is provided
with a needle which punctures the tape on the drum. At the moment
of tuning, the operator presses a lever which frees a bow striking
the needle of the carriage, and the point on the tape will denote
the ordinate corresponding to the position of the hand wheel, i.e.,
the frequency emitted by the transmitter of the radiosonde al the

moment of measurement,

In practice, precise tuning is determined by the discovery
of the signal heard on the telephone or the reproducer, As was
stated, such tuning and recording of the signal must be done in
cycles every 15 to 20 seconds, successively tuning in 3-l seconds
on the frequency determined by the indicators of the temperatures
humidity and pressure recorders and the maximum and minimum capa-
city loads. In this menner, as a result of the reception of sig-
nals, we obtain a record of the path of meteorological elements

as a function of time,

Calculations on data obtained during the operation of the
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instrument and setting graphs allow the registration to be processed
similarly to the processing of meteorograms or signals of radiosonde
apparatus of the comb system, IU is necessary to remember, that the
ordinates of the registrations are always taken relative to the dis-
tance between Lhe line of registration for the maximum and minimum
capacitive loads, by means cf which the corrections for frequency
distortions in the transmission dve to various iactors are intro-

duced,

No 7. RADTOSONDE APPARATUS OF THE LANG SYSTEM

(GERMANY)

The radiosonde appsaratus of this system may be included in

the group of tne time-impulse method of coding.

The movable end of the bimetallic temperature recorder, with
the aid of a toothed rack and pinion brings into contact the contact
star 1 (Figure 174L), the points of which siide along shaft 2, made
of ceramic insulating material. On the shaft two contact spirals
are located, Clock mechanism 3 brines Lhe shaft into rotation
with a velocity of 1 revolution per minuve, so that one of the
points of the star makes 2 contacts on the spirals during this
interval. On the narrower portion of the shaft, a contact plate
for the initial time signal is located; the signal is given by
pen L times a minute, The intervals of time between the initial
signal and the signals received upon the contact of the points of
the star, controlled by the temperature recorder, with the spiral
on the rotating shaft, give the position of the point on the shaft

and, therefore, the corresponding value of the temperature,

The angular distance of the points of the star are so selected
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that in bhe rotation of the star one of the points will leave tne
shaft when the next point is already on it., 'The range of gignals
ziven by one point correspond to an interval of temperature of

about 15 degrees,

Tor the measurement of humidity, a hair hygrometer 5 may
serve, winose change in length, witn the aid of a lever, results
in a change of the movable contact (pen), giving a signal fol-
lowing the initial time signal without changing the instant of

thne start of this signal, In this manner, utne measurement of

humidity, in contrauistinction to the measurement of temperature,
is done once during a revolution of the shaft, i.e., once per

minute,

The measurement of pressure is done by the aneroid box
6, which with the aid of a lever transmission controls a contact
pen sliding along a plate of insulating material 7. On tne plate,
at definite distances from one another, contact strips are lo~-
cated in such a mamner that a movement of the pressure pen from
one contact to another will correspond to a change in altitude of
about 1,500 meters, The contact of pressure pen with the said
strips on the plate results in a change in the capacitive load
of the oscillatory circuit, which in turn results in a sharp
change in freguency. Analogous effects upon the frequency of
Lransmission are the resulls of contacts of the points of the
temperature star, the humidity pen and the pen for initial time

signals.,

Each time when there is a closing of the circuit through
one of the indicated contacts, there will be a shorter or longer

pause in the sound heard in the receiver tuned to the transmitter
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of the radiosonde apparatus, which pause will serve as ¢ither the
imitial or the working signal for each of the meteorological ele=

ments,

The transmitvter of the radiosonde apparatus is designed
along a three-point scheme and works on a 90 meter wavelenglh,
wither web or dry cell bavteries of L5 and 2 volus are used as

the power supply. Automatic registration is used in the re-

ception of signals.
No 8. THiE RADIO HADIOSONDE APPARATUS SShA (usha)

Tn this sytem of radiosonde apparabus, the recorders of
temperature and humidivy play the role of variable parameters
of the oscillating civcuit, namely: upon chanﬁes in temperature
and hwnidity, the resistance oi tne recorders changes, which re-
sults in a change in the period of the low-frequency oscillations
of the relaxed-type modulator. The period of oscillation of such
a generator may ve expressed approximately with the aid of the
formula T = RC, where R is the resistance and C the capacitive

load,

Figure 175. Diagram of the radiosonde apparatus SShA.

Serving as tne pressure recorder of the radiosonde is a

system of two anerold capsules 1 (Figure 175) whose deformation .

due to a change of pressure results in a transfer of the contact
pen along the commutator 2, which is an assembly of conducting and

insulating plates. The position of the contact pen on the commutator
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serves as the measure of pressure. Besides, the pressure recorder

fulfills the role of 2 switch with tne aid of a pen alternatingly
v

switching into tne transmitter the recorders of temperature and

humidity as well as the control resistance.

Serving as a temperature recorder ‘is a semi-conductor -- a
Lhermistor 3, of cylindrical form, possessing a great negative
temperature coefficient of resistance, i. e., upon a lowering of
temperature, the resistance of such a recorder will increase and

vice-versa,

Jizetion of

The measurement of humidity is based on the u
the characteristvic of a nmygroscopic film which makes it change its
electro-conductivity with & change of hwmidity. The hunidity re-
corder li, builf on this metﬂod, is a glass plate coated with a
f£ilm of hygroscopic LiCl Sﬂgm solution. The film plete is bordered
by conducting strips on two sides for its inclugion into the cir-
aratus. When processing the data from

cuil of the radicsonde ar

such a recorder, temperature is taken into accounts,

The recorders of temperature and humidity are mounted in a
¢ylindrical housing, protecting them from the direct influence of

soler radiztion yet allowing the free ventiation by eir flow.

The pressure recorder includes in its circuit the temperature

and humidity recorders with the aid of special relay 5.

The frequency of the relaxed oscillations of the modulator
depends on the resistance of the measuring portion of the radic-
sonde apparatus, -included in the screen circuit of the modulator
‘

6. 'The anode circuit of the modulator has a capacitive load

coupling with the screen circuit of the generator of the carrier

f

Declassified in Part - Sanitized Copy Approved for Release 2012/04/25 - CIA-RDPE2.60036R000100270011.0




Irequency 7, so that tne latter is modulated by the method ol low-

frequency modulation of the carrier frequency,

The work of the instrument is done in the following manners
In the ascent of Lhe radicsonde apparatus, the pressure contact pen
moves along commutator 2. When it is located on an insulating plate
of the commitator, then the temperature recorder is included in the
circuit; when it moves to a conducting (metallic) plate, then the
relay is activeted switching cut lne temperature recorder and switche
ing in the mmidity recorder. Besides these humidity contacts, the

istance contacts &,

commutator has control re

The recepticn of signals is done by a receiver equipped with

a registration cevice.

As we have secn above, the transmitter of the radio sounding
apparatus represents two [frequency] generators. The generators
work on two nalves of one tube. Together with all the parts of
both generators the transmitter is mounted between two Lexolite
plates. The right generator (Figure 175) of the carrier frequency
works on a UKV on a band of 72,2 megacycles (about L.2 meters);
the left generator, of the relaxed type, modulates the oscil-
lations oif the right one with an amplitude within 10 vo 200 cycles.
The power supply batteries represent a unit of dry elements, con-

posed of wwo sections: one of 3 volts -~ for the tube filament,

the other of 90 volts ~- for the tube anodes, .- -

The weight of the instrument without babteries is avout 700

grams and with the complete equipment -- about 1,300 grams,
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No 9. PECULIARTTTES TN CHECKING COMB RADTOSONDE

APPARALUS

Th order to determine the values of metbeorological elements

according Lo one signals of the radiosonde apparatus at, correspon-
ding moments of time, 1t 18 imperative UO cnow Lheir values for the

ositions of une indicators on the combs prior TO the ascent of the

it radiosonde and the sensitivity oi the recorders or he instruments

Sensitivivy of the recorder 18 the chanse in Lemperature corres-
ponding to the movement of tne indicator tarougn one tooth of the

temperature comb, The sensitivivy of the pressure and humidity

receivers 1is determined by the changes of pressure snd humidity

corresponding to the movement of the indicator through 1 milli-

meter of thne comb,

Calibration of the radiosonde apparatus has the aim of de-
1]

s )
termining the sensitivivy of the pecedvers and in principle does
not differ from the checking of me beorographs described in Chapter

111,

Before testing a technical inspection of the instrument is
conducted aiming at the disclosure and elimination of mechanical
defects. Attention is directed to seeing that the temperature
and pressure receivers are not bent or Sagging, and that the bi-

;
. ) recortlic
-metallic plate of the temperature seeetver has no cleavages. The

_ - recorders

shafts connecting vhe jevers of the receivers with the indicators
must not heve.a large play. The ends of the indicators must travel
parallel to the combs with the same amount of pressure. The
strength of the frame supporting the comb;, commutator and other

parts, the reliability of the coupling of the commutator axle

with the bearing of the humidity switch, the absence of friction
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in the shaft of the indicators and lever transmission, tne cor-

e position of the star-wheels on the shaft of the

=

rectness of Ul

commutater and equality in the pressure of all laminas upon the
points of the matehing star-wheels, -- all these are checked,

Besides, several other aspects of the operaticn of the mechanism

of the instrument are checked,

Further, regulation of vhe sensitivity of the pressure
anc humidity recorders is made., For pressure il is necessary to
set vhe sensitivity vo 13-16 milligraws for 1 millimeter of the
ordinate of the cormb, snu for temperature, l.3 to 1.58 [cegrees]

for one tooth,

Before regulation, the initial position of the pressure
indicator ¢ (Figure 176) on the comb is determined. Ln order to
change the position of the pen, holes H in lever T sre vtilized,
connecting lever B running from receiver to sensitivity angle A.
Changing the position of pin P along the various openings of the
lever, the indicator is set along various parts of the comb de-

pending on the pressure,

Figure 176, Fastening of the shaft on the sensitivity angle.

For the determination of sensitivity .the radio sounding
apparatus is placed in a pressure chamber where the air is rari-
fied to 70 millibars. Knowing the position of the indicators be-

fore and after rarification, the sensitivity is determined. In

- Ul -
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case it is necessary to change the censitivity, screw [ connecting
the lever is moved closer or farther to the axis of the angle O,
because Lhrough this the ratio of the levers of the transmission
mechanism is changed, and, consequently, the distance of travel of

the indicator.

The regulstion of tne temperature recorder is made analogically.

For the determination of sensitivity tne tempereture recorder is

i sed in a cooling mixture. Knowing the temperature and the

position of tne indicator on the comb before and after immersion
of tne recorder in the cooling mixture, the sensitivity is ce-

Lermined witn the aid of the relation

At 1 e

where T. is the reading of the control thermometer at a positive
1

temperature, and T,, uhe reading of uhe control thermometer at a

negative Lemperature, n is the number of teeth in tne comb

traversed by the indicator upon the change of temperature from

T1 to Tp,

By the resetting of the screw connecting the lever to

the angle, the sensitivity is regulated to the necessary amount.

The checking of the humidity recorder is usually done in
a pressure chamber, The checking is done only in the direction
of lowering the pressure according tvo the following steps:_ at an
atmospheric pressure of 850, 700, 550, L0O, 250, 150,-100 and 70
millibars, When reaching the stated pressure values, an accurate

manometric measurement of the position of the indicator on the
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pressure comb, with an accuracy up to 0.1 of each tooth, is made,
The resulis of the check are plotted on a graph, Along the hori-
zontal axis, the teeth of the pressure comb, on a scale of 1 milli-
meter of the comb equal to 3 millimeters of the graph, are plotted,
and dasnes are used to plot the position of the teeth, and numerals
denote the number of the metallic tooth, Along the vertical axis,
the pressure on a scale of 1 millibar = 0.5 millimeter is plotted,
A curve is drawn along the points corresponding to the position of
the pressure indicator and to the neasurement of pressure by the
manometer; the curve will serve as a certification or a graphical

check on the pressure (Figure 177, a)

Figure 177, Calibration graphs of the comb system radio sounding

apparatus,

In order to consider the effect of temperature on the indi.

cator of the pressure recorder, the latbter is checked at a nega-

tive temperature of 40-to - L5 degrees, For this, the radiosonde

apparatus, with the pressure recorder immersed in a cooling mixture,

is placed in a pressure chamber and checked under atmospheric-con-

ditions of 800, 600, L0O, 200 and 70 millibars., The pressure

check curve at a negative temperature is drawn on the graph used

for positive temperature, as is shown on Figure 177, a,

Calibration of the temperature recorder is made in a double=

walled metellic tank into which alcohol is poured, cooled with solid
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or liquid carbonic acid. Changes in temperature are made in an
upward direction through steps of 20 degrees up to 30 degrees.
When the temperature indicator of the recorder immersed in alco-
hol settles, its position is measured on the comb, indicating the
section, the number of the tooth and its position on the tooth in
tenths of' the tooth distance from the beginning of the tooth, At

the same time, the temperature is taken with the control thermometer,

The calibration graph is plotted in the following manner.
Along the horizontal axis, the teeth of tLhe temperature comb, on
a scale of 1 tooth = 5 milligrams of the graph, are drawn; numerals
indicate the section numver, Along the vertical axis, in degrees,
on & scale of 1 degree = 5 millimeters of the graph, the temperature
is plotted, Along the points of indicator position measurement and
the respective values of temperature, a liﬁe is drawn, which will
be either straight or with two or three breaks (Figure 177, b)e
In the latter case the value of the sensitivity is determined for

each portion of the broken line separately.

The humidity recorder is checked in a hygrostat, The checke
ing is begun with a relative humidity near 100 percent, after which
the humidity is lowered according to steps: 80, 60, L0 and 30 per=

cent,

At a humidity near 100 percent, the humidity indicator must
be at the start of the second tooth of the comb., 1In an adverse
case, it is necessary to adjust the pen, Changing the humidity
in the hygrostat according to the steps mentioned, measurements
of the humidity indicator and of dry and wet thermometers of the
psychrometer are made. &1%ecﬁiMﬁﬁpngmmh(ﬁ@HelW,v)

along the horizontal axis, the teeth of the comb, on a scale of 1

- Ll -
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millimeter of the comb = 1 millimeter of the graph are plotted., The
numerals 1, 2,.. denote the number of the tooth, Along the vertiw
cal axis, the values of relative humidity on a scale of 1 percent

= 1 millimeter of the graph are drawn.

No. 10, PREPARATION AND ASSEMBLY OF THE COME RADIOSONDE
APPARATUS PRIOR TO FLIGHT

RECORDE
CONTROL CIECK OF SENSTULIVITY OF -RECETVERS

Prior to release forflight, each radiosonde epparatus must
be submitted to & control check., The control check aims at es-
{ablishing tne allowable tolerance accevted during calibration, as
well as the absence of changes of sensitivity of the recorders over

and above the accepted limits in comparison with the graph data,

The observance of tolerﬁnces is determined according to the
data of the calibration graphs. It is necessary that the tempera-
ture adjustment of the pressure recorder be no higher than 0,L0
millibar degree, and the difference between the successive co-
efficients of sensitivity of the temperature recorder At be not
higher than 0,20 degree, Further, the positions of the pressure
and humidity indicators are compared at the given condition with
that which took place during calibration. Thus, for example, the
ordinate of tne position of the pressure indicator found according
to the table of ordinates of tne teeth of the pressure comb should
not differ from the ordinate found for the same pressure on the

calibration graph, by more than 15 millimeters.

The control check of the sensitivity of the pressure recorder
is usually made in a Garf (see Chapter III) chamber., It is con-~

ducted in the same manner as the basic check, but is made along
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broader steps of pressure change. The comparison of ordinates ob-
tained for one and the same pressure on the data of the control
check and vhe calibration graph, mekes it possiblé to determine
the suitability of the instrument for flight. The radiosonde
apparatus is considcred suitable for flight if the maximum and
minimum difference of the ordinates does not exceed 2 millimeters.
An orderly increase of aifferences will show & change in sensi=
tivity; in this case the curve of the control check will have a
pend toward the axis along whicn the pressure is marked, differ-
ing from the angle of bending of the curve of the basic calibra-

tion,.

Tne control check of sensitivity of the temperature end
humidivy recorders is made by way of comparing the changes in
values of vemperature and humidity by an aspiration psychrometer
and a radiosonde apparatus. For this, the measurements on ‘the
psychrometer and the position of the indicator are made under
room temperature conditions and in tne open air. According to
the positions of the indicators in the room and in tne open air,
and knowing the values of the temperature and humidity according
to the measurements of the psychremeter in the room and using
the sensitivity given by the check the temperature and humidity
in the open air is determined., The diverpence of the temperature
found according to the instrument with tne psychrometer values
must not be higher than half of the sensitivity obuained in the’
check. The tolerance of divergence for hunidity should be 8

percent,

oL
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PREPARATION AND ASSEMBLY OF THE RADIOSONDE APPARATUS

O FLIGHT

summarized by tne following operations:

(1) check and tuning of the transmitter;

(2) technical inspection and regulation of parts of mechanisms
of thne instrument;

(3) check of elecvrical connections;

(}) check of battery water;

(5) assembly of vie instrument.

Tn tne check of the transmitter, first of all the suitability
of the oscillator tuve is tested by placing it in the detector tube
socket of the receiver, Then, having attached clips of the induc-
tion coil to the transmitter, the power supply is turned on, and on
tiie antenna, a wattmeter of a milliammeter is connected in series,

A sharp deviation of the instrument indicator will snow thet the
transmitter is working. In order Lo obtain the meximum output in
the antenna, & trensfer of tne clips on the seli-induction coil
and regul:tion of the variable condenser is made. Finally, in
order Lo avoid the effects of inlerference with signal audibility,

the tuning of the transmi

tter is so regulated with tne aid of a

receiver that within the bank of wave oscillations of the trans-

mitter no other radio stations are operating.

The technical inspection of the radiosonde apparatus is
conducted analogically to that which is made prior to the cali-
bration of the instrument. Special attention must be paid to the
case of rotation of the propeller and commutator shafts, the

correctness of pressure of the laminas on the commutator star-wheels,

- L7 -

“Declassified in Part - Sanitized Copy Approved for Release 2012/04/25 - CIA-RDP82.00039R000100270011-0 -




ized Copy Approved for Release 2012/04/25 : CIA-RDP82-00039RDOO1270011-0 .

and Lhe indicators on the combs, as well as tne parallel movement

of the indicators over the combs.

The pressure of the indicators is regulated vy screws., De-
fects found are eliminated Ly corresponding repulating. For posi-

iLive connections, all contacts are cieaned with a fine file.

The check for correctness in the electric circuiv is made
with Lhe aid of @ sound generator, a buzzer or electric light
bulb. One lead from the sound generator is connected to the Iframe
of the instrument, and the other, to the commutator; then the
power supply is turned on. Placing the lempersture indicator
successively on the 1, 2, 3, L and control tooth, and rotating
the axle of the propeller, Ulhe signals are heard. If the cir-
cuit is correct, the signals will correspond to the teeth numbers,
Tn the same menner humidity and the control tooth of the pressure
comb are checked. 'The defects found are usually due to:the
closing of toe circuit leading to the lamina or the plates on the

humidity disk as well as closing of the comos,

Batterics are filled witi en electrolyte wnich is composed
of a saturaved solution of ammonium chloride. Filling is done
with the aid of a rubver bulb fitved with a pipette. The anode
pactery is connected in series, In case a UB-152 tube is used
a change in the connections of the elements of the battery de -~
signed for 6 volts is made to series-parallel, The EDS of such

a battery will be equal to 3 volts,

Assembly of the instrument consists of the following. On
the frame of the instrument the transmitter is attached, and in

the lower portion of the frame a lead is fastened to which a

- L8 -
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counter-balance connected to the instrument body is attached, The

instrument is placed in a casing having an additional shield

against radiation for the temperature recorder. The batteries are

placed on top of the casing., The leads from the batteries are

comnected with a four-prong plug which is located on the side of

the casing shaft.

When the assembly is finished a check of the transmitter

operating on its own batteries is made,

No 1l. PHODUCTION, 'wHANSMISSION AND RECEPTTON OF SIGNALS

OF ik BADIOSONDE APPARATUS

Because tie sipnals of the radiosonde apparatus do not trans-
Wit absolute values for metecrological elements but thelr changes,
it is imperative prior to the release of the radiosonde apparatus,

as 1o is for airplane meteorographs, to compare the position of

their indicators with the data from absolute instruments: the
mercury barometer and aspiration psychrometer. For this, it is

necessary to maintain the radiosonde apparatus for a sufficient

length of bime in identical conditions with a solute instruments,

The readings of the instruments will be comparable only
when the recorders of the radic sounding appsratus will be

affected by the pressure, temperature and humidity corresponding

to the conditions of the time interval, -

This exposure is one of the more important phases of pre-
paring the instrument for flight, on whose accuracy of perform-
ance depends the accuracy of sounding. For control the exposure

is made indoors and outdoors,.

- L9 -
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The radiosonde apparatus is placed in a ventilating device
gyinich draws air through the housing of the instrument wita a

velocity of L=5 meters per second. Adjacent, an aspiration

L psychrometer 18 suspended, The batiste is welted and the aspirator

is turned on sirultanecusly with the venbilator., After 5 minutes

a reading on the barometer and the psychromeber is made and the
L position of the indicators on the combs, with an accuracy of 0.1

of a tooth, is measured.

in exposure is ocutdoors. The data obtained this way

b The m
are those uwsed for the processing of signals, For this, witnin
20 to 30 winutes prior to ite release, oune instrument is baken
cubdoors and suspended from & pole having & shield apainst the

ttached to the instu ament and conneched

w
o

sua. ‘I'hen the antenna i
to the lead from the coil of the pransmitter and, having turned on
the power supply, bLhe propeller is turned. ‘The observer at the
receiver turnes in on the wavelengths of the transmicter and
chnecks the reliability of signal transmission comparing them o
the position of the indicators. The readings of the indicator
positions and the readings according to the aspiration psychro-
meter are made after the instrument has been ventilated for not
less than 10 minutes. The ventilation of the recorders of the
radiosonde apparatus is done either in a ventilabting device or

in a ventilating booth, but always shielded from solar radiation.

Using the data of the exposure indoors and outdoors the
quality of the exposure is checked in a similar fashion as data
from a control check. If the quality of the exposure corre-
sponds to the tolerance accepted the data of the exposure are

entered in the flight log. About S minutes before release, cloud,

- 50 -
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wind and other atmospheric observations are made, 'The resulus are

entered in the log.

By this time balloon No 100 must be filled with hydrogen up
to a lifting force of 2,200 grams, so that after abttachment of the
radiogonce apparatus ready for ascent, the free 1lifting force will
be about 1,200 grams. This will assure the radiosonde apparatus of

a 5-6 meter-per-second vertical velocity.

To the avpendix of the balloon the second end of the an-
tenna 18 avtached, the power supply of tne radio transmitter is

turned on and une radiosonde is released.

Tor the determination of wincs aloft, observabtions of the
radiosonce balloon are made with the aid of theodolites (from one
point or base points) and radio direction [finders or radar ob-

servations are used,

—

S

o

Prior to the moment of release a complete series ol signa
of all elements is listened to and the results are entered in the

log as data for the start of signal reception,

Then the reception of signals and their recording is con-

ducted until uvhe cessation of the signals,

The recording of signals is made by conventional symbols

in the corresponding graphs of the log (see Appendix U).

Temperature signals are recorded only upon their change;
the time is noted with an accuracy of 0,01l of a minute is taken and
the number of the new signal including the control signal is re-

corded,

-5l -
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At the time of reception, the section numbers of the
temperature comv are also noted; the correctness of their rotation

is verified by the control signals,

At the appearance of pressure signals, the time and the
number of the temperature tooth is noted and in the pressure
graph an X is recorded, At the moment of cessation of signals
and analogous recording in the log is made, wvut in the pressure
graph tne symool -- is placed, The appearance of tne pressure
2]

control si: (three humidity call signals) is recorded in the

form of XXX marks,

Humidity signals are recorded upon their displacement or
upon their repetition -- after 1,5 to 2.5 minutes, In addition

to the time a

d the number of the tooth of the humidity comb
the number of the tooth of the temperature comb is noted and the
corresponding pressure symool is recorded if the pressure signal

is being trensmitted,

After the cessation of reception of signals, the cause for

tne cessation is recorded,
No 12, PROCESSING OF RADIOSONDE STGNALS

The processing of radioscnde apparatus signals is divided
into several phases. First of all, the values of the meteorological
elements are determined, Knowing the initial positions of the indi-
cators on tne combs and the values of meteorological elements during
tiae exposure, as well as the sensitivity of the recorders (accord~
ing to the calibration graphs), the values of the elements are

found corresponding to the moments when the signels change,

-5 .
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Then, according to the values of pressure and temperature

obtained, the altitudes are determined using hypsometric tables.

Further, according Lo the separate values of temperature

and humidity corresponding to the moments of signel change, a

graph ol the changes of these elements as a function of time is

plotted, In this same manner, using moments of time for which

| the pressure was determined, a graph of the chanves of pressure

according to altitude is drawn,

TF

1e four curves plotted make it possible to determine

graphically cervain points in the path of whe temperature and

humidity, and to determine for them the corresponding values of

pressure and altitude, With the aid of the same graph, the

values of meteorological elements for standard altitudes and

main isobaric lines are determined,

An example of radiosonde apparatus signal processing

N is given in Appendix .,

5 The processing of temperature signals is done in the
following manner,
First of all, the temperature corresponding to the

il psychremeter reading at the moment of release of the radio

) sounding apparatus is recorded in the log, Then, knowing

the position of the indicator and the value of the temperature

during the exposure outdoors accor

ding to the coefficient of
sensitivity, taken from the calibration graph, the temperature

at the moment that the indicator touches the nearest tooth is

(R determined. For this the change in temperature during the dis-

ﬁ placement of the indicator through one tooth (the coefficient

- 53 -
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of sensitivity) is multiplied by the number ol Leaths of the tooth,
on Lo which the indicator had moved when moving to the next tooth,
Using vthe coefficient of se sipiviby and knowing, according to une
succession of si.gnals, uhe patn of tempersbure change, uhe value of

the temperature for 211 moments of indicator displacement from one

tooth to another 1s calculated.

These data are recorded in the corresponding graph of the
log. When processing signals for emperature inversion it should
ve remembered that the limit of transter from one tooth to another,
in any direction of transfer of the indicator, one and the same

temperature will correspond.

Tt should be noted that in a weak inversion the avsence of
transfer of the indicator to another tooth in the opposite di-
rection results in that this inversion 1s not revealed in the

reception of signals,

When processing pressure signals it is firsv of all nec-
essary Lo determine the correction for the change from the ordi-
nate according to tne instrument to the ordinate according to the
calioration. The necessity for such & change is determimed by the
fact that the initial position of the indicator, determined during
calibration, may change 2t the moment of release of the radiosonce
apparatus, and for one and the same initial pressure the ordinates
according to the instrument and according to the calibration will
not coincide in value. Tnasmuch &s the pressure values can be
determined by the signals of the radiosonde apparatus, using
the calibration data, bthe ordinates according to the instrument

should be brought over to the calibration ordinates. In this it
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can be assumed that toe change of the initial position of the pen
is not agsociated witn & change in sensitivity. This condiltion

should be supporved LY e control checks

The correction for tne change from e ordinates according
to bthe instrument to the ordinate according to uhe calibration is
determined by Uthe outdoor exposure data., Ior unis, using the po-
sition of the pressure indicator at the moment of exposure, Lhe
ordinate according Lo the instrument is obuained with the aid of
tne vable, The ordinate accordaing Lo Lne calibration graph for
pressure 1is determined, taking into consideration the bemperature
of the pressure recorder at the moment of exposure. I[nasmuch as
there are check curves for positive and negative temperatures on
the calioration grapn, vue ordinate according to measurement
caliﬁration by barometer is obtained by interpolation Detween vhe
two curves, using utnhe magnitude of digression of temperaoure during
exposure IToM that shown during calibration of positive tempera-
tures, The algebraic difference becween uvhe ordinate according
Lo calibration and tne ordinate according to the instrument
supplies the correction for tae corresponding displacement. The
correction for the displacement is considered constant axd serves

for the correction of all ordinates according to the instrument.

Then, accor

ing to the records in the log, the numbers of
the metallic teeth of the pressuvre comb should be determined. The

duration of the signals serves as a control for the determination

of the number of the tooth., The ordinates for the centers of these

teeth are then determined according to the table., In case of an
unverified reception or absence of the start or the finish of the

pressure signal, the ordinave for the start or the finish of the
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corresponding tooth is taken, The values of the ordinate obtained
according to the instrument with the aid of the correction bring

us to the ordinate according to calibration.

Utilizing the calioration graph, the value of temperature,

taking into consideration the temperature of the pressure recoxder

with the aid of interpolation between the two verification curves,

is found sccording to vne ordinates obtained, The temperature

corresponding to the passing movement of the indicator either
througn the center or tarough the start and/or finish of the tooth
is accepted zs the ‘temperature of the recorder., Its value is de~

termined according TO the processing data of the temperature sig=-

nals and is recorded in the "Temperature at Times of Pressure

Measurements! columne

The values of pressure obtained are recorded in the corre-

sponding colunans of the loge.

The processing of numicity signals is in the determination
of tne values of relative humicity for tne moments of displacement
of the humidity indicators from one tooth of the comb ToO the other.
At first the correction which must be introduced into the value of
the ml&ﬂvehwﬁ&iy,tmﬁnfnmwmecﬂimqmongmmh,isd&
termined. For this, according to the data of the exposure the
values of the relative numidity corresponding to the measurements
by the psychrometer are compared with the values obtained for the

position of the indicator according to calibration.

The correction must serve to bring the values according to
the calibration to the values of humidity computed by psychro-

meteric measurements for the times of signal cnanges.
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The next phase in the processing of signals of the radio-
sonde apparatus is the computation of altitudes. For all values
of pressure obtained by the psychrometric vable the altitudes ex-
pressed in geo-potential meters are found and recorded in the

Y

naAltitucde at O degrees! column, Then the thickness of the layers

between altitu .es at O degrees is computed, The thickness of the

layer is then corrected through the deviation of the mean tempera-
ture of the layer from O degrees. The mean temperature of the
layer is found as an arithmetic average between tne temperatures
of tne times of pressure measurements of tne lower and upper
limits of the layer. lhe magnitude of the correction is found by
a nomogram shown in Chapter VI, depending on tne thickness of the
layer and the mean temperature, Absolute altitudes are computed

by way of successive summations of corrected layer thicknesses,

The initial altidue is taken as bLhe altitude of the point of

sounding above sea level,

Figure 178, Graph of the results of processing of signals from
the radiosonde apparatus, 1 -- temperature; 2 -- humidity; 3 =--

altitude; L -~ pressure,

A graph is constructed according to the signal processing
data and the determination of altitudes. Along the horizontal
axis of millimeter paper, time on a scale of 5 millimeter = 1
minute is marked off; along the vertical axis -- temperature on a
scale of 5 millimeter = 1 degree humidity; on a scale of 1 milli-
meter = 1 percent, and altitude on a scale of 1 millimeter = 20

geopotential meters, are marked off, In this manner, changes in
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temperature, hunidity and altitude are given as a function of time.
Besices that, on the same graph, the curve of the pressure change
as a function of altitude is plotted. The pressure is marked off

on the horizontal axis on & scale of 1 millimeter = 2 millibars.
A graph is shown on Figure 178,

If observations of the radiosonde are made by theodolites
from base points, or il radar observations are made for the con-
trol of alvitudes obrained from pressure signals, then from time
4o time the values of the altitudes obtained by tne stated methods

are plotted on the graph.

A graph with four curves permits Uhe determination of the
values of the pressure, temperature and humidivy for standard al-
titudes and for special points on the temperature and humidity

CUrves,

The determination of the value of temperature and humidity
for standard altitudes is done in the following manner: on the
altitude curve, a point corresponding to the given altitude is
found, and moving along the vertical to the intersection with the
temperature or humidity curves, the values of these elements are
measured on the respective scales., For the determination of
pressure, the pressure graph and the function of altitude are

used.

For special points, the operation of finding the other
elements consists of going along the vertical from the special
point selected until the intersection of the curve of the other
element and the altitude is found, and the correspondin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>